In a randomized study of patients undergoing Caesarean section, either enflurane (mean0.24MAC-h) or halothane (mean 0.23 MAC-h) and 50% nitrous oxide in oxygen were administered to women (»-12) with severe p"*->H°mr"'"'-"* 
Pre-eclampsia-eclampsia (PET) is a serious complication of pregnancy, present in up to 5% of deliveries (Hibbard and Rosen, 1977) , and responsible for 10% of maternal deaths in England and Wales (Report, 1979) . At least half of those mothers with PET require Caesarean section (Pritchard and Pritchard, 1975; Martin and Tupper, 1979; Akinkuugbe and Coker, 1980) and form about 15% of all Caesarean sections. General anaesthesia is the most widely used method for abdominal delivery especialty in severe PET, partly because of the possibility of coagulopathy (Davidson and Phillips, 1972) .
Enflurane has suitable pharmacokinetic characteristics for use in obstetric anaesthesia and is satisfactory from a clinical point-of-view as a supplementary agent during Caesarean section in healthy patients (Coleman and Downing, 1975; Dick, Knoche and Traub, 1977; Marx et al., 1978) . However enflurane, like methoxyflurane, is metabolized to inorganic fluoride in man and there has been concern that, in theory at least, it may be nephrotoxic in patients with severe PET (Gutsche, 1979) . However, this is unlikely since the metabolism of enflurane to inorganic fluoride is some 15 times less than that of methoxyflurane, and total dose is an important factor affecting nephrotoxicity (Cousins etal.,1976) .
In this study, the renal and hepatic functions of normal mothers were compared with those of pa-
PATIENTS AND METHODS
Only patients with severe PET were studied. This was defined by Symonds (1979) as: arterial pressure greater than 140/90 mm Hg on two or more occasions, proteinuria of greater than 0.25g/24h (or >+ + + + on "dip-stick" testing) and nondependent oedema. Patients were excluded who had cardiovascular, renal, hepatic or neurological disease, or who had received extradural analgesia, general anaesthesia or thiazide diuretics within the previous 3 months. As controls, patients without renal or hepatic disease undergoing elective Caesarean section were studied. Patients in the PET and normal groups were allocated randomly to receive either halothane or enflurane as supplementation to nitrous oxide anaesthesia.
The patients were interviewed before their operations (JAC) and agreement sought to enter the trial. Anaesthesia was induced with thiopentone 3-5mgkg"'. Suxamethonium l.Smgkg" 1 was given and the trachea intubated. Anaesthesia was maintained with 50% nitrous oxide and either 0.5% halothane or 0.8% enflurane delivered from precalibrated vaporizers (Cyprane type III) in oxygen. Tubocurarine chloride 0.3 nig kg" 1 was given and artificial ventilation continued with a Manley ventilator (a non-rebreathing system) maintaining an end-tidal carbon dioxide concentration of approximately 4% (Beckman LB2 infra-red analyser).
At delivery, synthetic oxytoxin 10 units and morphine 5-10mg were administered i.v. and the in- Venous blood was collected before the induction of anaesthesia, and at 1, 2, 4, 8, 12, 24,48 and 72 h after the end of anaesthesia. All specimens were centrifuged within 1 h of collection and plasma was assayed to determine the concentrations of sodium, potassium, calcium, bicarbonate, urea, uric acid, total protein, albumin, bilirubin, aspartate transaminase, alkaline phosphatase and inorganic fluoride.
Urine specimens were collected before operation, and in the early morning for 4 days following surgery. The osmolality, and protein and inorganic fluoride concentrations were determined for each sample.
Inorganic fluoride concentration was measured with an Orion fluoride-specific electrode precalibrated with horse serum containing known concentrations of inorganic fluoride over the range 0.1-60 junol litre"
1 . Blood samples from 25 normal mothers (34-40 weeks gestation) were used as controls.
Each patient received an intranasal "Desmopressin" test (0.4 ml of 0.1% solution) at midday on the 4th day after operation (after all i.v. fluid therapy had been stopped). Osmolality was determined on the second sample of urine passed after administration. This test of urine concentrating ability avoided the need for nocturnal fasting (Monson and Richards, 1978) .
Statistical analysis
Logarithmic transformation was used to decrease the skewness and heterogeneity of variance. The data were then analysed with unpaired t tests, supplemented by Mann-Whitney and Fisher exact tests where required. Plasma inorganic fluoride concentrations were compared with analysis of covariance using the base-line value as a covariate since initial values varied from 0.10 to 11.0 nmol litre" 1 , a range exceeding the increases in the postoperative concentrations.
RESULTS
The PET and healthy control patients (table I) were similar with respect to age, and although mothers who received enflurane were somewhat older, the difference was not significant. The mean systolic and diastolic pressures indicated severe PET in both the halothane and enflurane groups. Gestationalage was greater in the control patients, but there were no significant differences between each normal or each PET group. The mean dose of enflurane or halothane was similar or slightly more, respectively, in the PET groups (table II) . Apgar scores and time-to-sustained respiration (TSR) were used to assess the neonates (table HI). The 1-min Apgar In the PET patients receiving enflurane, individual pre-anaesthetic concentrations varied from 0.1 to ll.Ofunollitre" 1 (table IV) . Mean peak plasma fluoride concentrations were found to occur 1 or 2 h after anaesthesia in both normal and PET patients who received enflurane and were higher than in the halothane groups ( fig. 1; table V) . The highest individual peak value was 17.1 nmol litre" 1 in a normal patient who received enflurane and whose plasma fluoride concentration before operation was 2.3 nmol litre" 1 . This patient was discovered subsequently to have taken chloroquine during her pregnancy and, as a result, was excluded from the series.
PET patient No. 4 in the enflurane group had a peak plasma fluoride concentration of lSfunollitre" 1 at 2h. This was the highest value obtained in the study, but her concentration before operation was 8 fimol litre" 1 (see also patient No. 3 in that group). The mean plasma fluoride concentrations before operation, of both groups of PET patients, were higher than those in the normal patients, although not significantly so. Analysis of covariance showed that each enflurane group had significantly higher fluoride concentrations than the halothane normal (P<0.05) and PET (P<0.01) groups for up to 8 h in the period after operation. There were no significant differences when normal and PET groups were compared either after enflurane or halothane when allowance was made for the fluoride concentrations before operation. 
Inorganic fluoride: urinary concentrations (fig. 2)
Peak urinary inorganic fluoride concentrations occurred on day 3 or 4 after surgery, in both the halothane and enflurane groups. The peak could not justifiably be related to plasma concentrations as urinary fluoride concentration is very dependent on pH which, by error, was not measured in every specimen (Barberousseetal., 1981) . The peak value did not correlate with osmolality after desmopressin, also tested on day 4.
Renal function
Uric acid concentration ( fig. 3) . The hyperuricaemia which occurs with PET is readily apparent. There was a small increase in uric acid concentration after operation, with a tendency for the concentration to be a little lower in both enflurane groups for up to 4 h, but the differences were not significant. The profiles of changes with time were similar in both control and PET groups.
Urinary osmolality (fig. 4) . Each patient had a urinary output greater than 10 ml kg" 1 in the 12 h before the tests. Every patient concentrated the urine normally in response to desmopressin on the 4th day after operation. There were no important differences between the halothane and enflurane groups. There was no relationship between urinary osmolality and peak plasma inorganic fluoride concentrations.
Plasma electrolyte concentrations. Plasma sodium, potassium, chloride, calcium, phosphate and bicarbonate concentrations were all within their physiological ranges in all patients.
Plasma creatinine concentration (fig. S).
Creatinine concentrations were lower in the enflurane groups throughout. There were no significant differences between the increases in any group. (fig. 6 ). PET patients had higher urea concentrations than normal patients (P<0.05) for up to 3 h after surgery. Although the values tended to be greater in the patients receiving halothane, the difference was not significant. There were no important differences between the two groups of healthy patients. 
Plasma urea concentration

Hepatic function
Alkaline phosphatase concentration ( fig. 7) . Differences between the enflurane groups (up to 48 h) were significant, but not when adjusted for the initial values, and the differences between the two enflurane groups were consistent throughout the period of study.
Aspartate transaminate concentration ( fig. 8 ). In general there was a small increase following surgery. In the healthy women the increase was greater after 12 h and higher in the healthy enflurane patients, but the changes were not significant. No correlation was found between the plasma transaminase concentration and the peak plasma inorganic fluoride concentrations.
Bilirubin.
No patient recorded a plasma total bilirubin concentration of greater than 17 ftmol litre" 1 , the upper limit of the physiological range.
DISCUSSION
Enflurane has a low solubility in blood, with rapid uptake and elimination, and minimal biotransformation (2-4%) (Chase et al., 1971; Sakai and Takaori, 1979 ) so that it is an attractive agent for obstetric anaesthesia (Coleman and Downing, 1975; Dick, Knoche and Traub, 1977) . Furthermore, relaxation of uterine tone can be controlled more easily than with more soluble agents (Marx et al., 1978) .
Women with severe PET, a condition with potentially serious renal and hepatic dysfunction, commonly receive general anaesthesia with a volatile supplement. Although the dose is small, the choice of anaesthetic has been empirical. No volatile agent has been studied specifically in mothers with severe PET, although Gutsche (1979) suggested that, theoretically at least, enflurane should be avoided. Halothane, although potentially hepa to toxic, has not been considered unsafe.
Enflurane nephrotoxicity is a result of fluorosis of renal tubular mechanisms (Mazze, Calverley and Smith, 1977) . Eichorn and colleagues (1976) have "reported a non-pregnant patient in whom oliguric renal failure was caused by large-dose enflurane anaesthesia. This is unlikely, since fluoride-derived renal failure is high output, and enflurane has a clean record in patients with poor renal function (Carter, Heerdt and Acchiardo, 1976) . In man, the toxic concentration of plasma inorganic fluoride which may result in nephrotoxicity is about 50 fxmol litre" 1 (Cousins and Mazze, 1973) , although a lower figure of 25 /xmol litre" 1 (Mazze, Calverley and Smith, 1977) patient who had enflurane or halothane in this study approached even the lower "toxic" concentration. These results, therefore, fulfil the theoretical expectations that nephrotoxidty with enflurane is far less likely than with methoxyflurane (Cousins et al., 1976) . Fortunately, hepatic biotransformation of enflurane is virtually unchanged by enzyme-inducing drugs (Norgate, Sharp and Cousins, 1976; Allen and Downing, 1977) , some of which may be used in the management of PET. Also, obesity, which is associated with PET, does not increase the metabolism of enflurane (Dundee et al., 1981) .
Subclinical nephrotoxicity caused by fluoride may be detected by a vasopressin stimulation test of urinary concentrating ability; all our patients concentrated their urine normally. No correlation could be found between urinary osmolality after desmopressin and peak plasma inorganic fluoride concentration; the concentration test was performed at a time when peak urinary fluoride concentrations occurred in most patients.
Renal tubular function was assessed further by measurement of plasma uric add concentration, which is increased consistently in PET and is an indication of the severity of the disease (Redman et al., 1976) . In PET, the production of urate may be increased and destruction in the liver decreased, but renal excretion remains constant with approximately 80% of renal elimination attributable to secretion in the distal tubule (Chesley, 1978) . Hamilton, Robertson and Campbell (1975) showed that hyperuricaemia in PET was increased when methoxyflurane was used during Caesarean section. Hyperuricaemia was a constant feature of PET in our patients, but there were no important differences between those patients receiving halothane and those receiving enflurane, providing further evidence that neither agent induced tubular dysfunction. Measurements of creatinine concentration indicated that glomerular function was unaffected.
Clinical testing of liver function in pregnant and surgical patients is difficult (Isselbacher and Lamont, 1980) . Alkaline phosphatase concentration is increased in pregnancy as a result of hormonal effects, and the enzyme is, therefore, a less sensitive indicator of cholestatic or obstructive binary pathology (Koff, 1980) . However, the minor differences between the control and the PET patients who received enflurane are unlikely to be of clinical importance.
Aspartate aininrttmniuiminaRff concentrations increase commonly after surgical operations and can be related to the extent of the surgery (Clarke, Doggart and Lavery, 1976). In our healthy patients this increase occurred in the latter part of the period after operation, and was greater in those who received enflurane, but like bilirubin measurements, values remained within physiological limits.
Abnormal liver function in PET is associated with a decrease in liver blood flow (Koff, 1980) . Cousins (1979) has suggested that toxic reductive metabolites of halothane may be found in similar circumstances; these should have been measured in the PET patients and are the subject of a further study. Although no contraindication to halothane for severe PET patients has emerged from this study, if there were concern, enflurane would be a useful alternative whenever liver function was abnormal (Black, 1979; 1982) .
It seems reasonable to conclude that enflurane is a safe supplement to nitrous oxide in patients with severe PET.
